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Abstract
The study of coronal bright points (BPs) is important for understanding coronal heating and the origin of the solar wind. Previous
studies indicated that coronal BPs have a highly significant tendency to coincide with magnetic neutral lines in the photosphere.
Here we further studied the emission heights of the BPs above the photosphere in the bipolar magnetic loops that are apparently
associated with them. As BPs are seen in projection against the disk their true emission heights are unknown. The correlation of the
BP locations on the Fe XII radiance map from EIT with the magnetic field features (in particular neutral lines) was investigated in
detail. The coronal magnetic field was determined by an extrapolation of the photospheric field (derived from 2-D magnetograms
obtained from the Kitt Peak observatory) to different altitudes above the disk. It was found that most BPs sit on or near a
photospheric neutral line, but that the emission occurs at a height of about 5 Mm. Some BPs, while being seen in projection, still
seem to coincide with neutral lines, although their emission takes place at heights of more than 10 Mm. Such coincidences almost
disappear for emissions above 20 Mm. We also projected the upper segments of the 3-D magnetic field lines above different heights,
respectively, on to the tangent x-y plane, where x is in the east-west and y in the south-north direction. The shape of each BP was
compared with the respective field-line segment nearby. This comparison suggests that most coronal BPs are actually located on
the top of their associated magnetic loops. Finally, we calculated for each selected BP region the correlation coefficient between
the Fe XII intensity enhancement and the horizontal component of the extrapolated magnetic field vector at the same x-y position
in planes of different heights, respectively. We found that for almost all the BP regions we studied the correlation coefficient, with
increasing height, increases to a maximal value and then decreases again. The height corresponding to this maximum was defined
as the correlation height, which for most bright points was found to range below 20 Mm.
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1. Introduction
Coronal bright points (BPs) were first observed in soft
X-ray images (Vaiana et al., 1970), and later found to be
also visible with enhanced intensity at EUV and radio
wavelengths. This enhanced emission feature is 30′′-40′′ in
size, often with a bright core of 5′′-10′′ (Madjarska et al.,
2003).The lifetime of EUV bright point ranges from 5 hours
to 40 hours, with an average of 20 hours (Zhang et al.,
2001), while the average lifetime of an X-ray bright point
is 8 hours as determined by Skylab X-ray observations
(Golub et al., 1974). Brajˇsa et al. (2004) used coronal BPs
as tracers to analyze solar differential rotation, and con-
cluded that the average height of BPs in different 10-degree-
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latitude bins differs a lot (from about 5000 km to 22000
km), but on average is 8000 km to 12000 km above the
photosphere.
Coronal bright points are associated with regions of
mixed-polarity magnetic flux of the magnetic network
(Webb et al., 1993; Falconer et al., 1998; Wilhelm et al.,
2000; Xia et al., 2003). And most BPs are likely to be
associated more with the cancellation of magnetic fea-
tures than their emergence (Webb et al., 1993). Recent
observations based on EIT/SOHO and TRACE confirmed
that BP is strongly correlated with the evolution of the
underlying bipolar magnetic region (Brown et al., 2001;
Madjarska et al., 2003; Ugarte-Urra et al., 2004). Some
BPs are observed to lie at the base of polar plumes in
coronal holes and may eject mass into the solar wind
(Ahmad & Webb, 1978). However, SUMER/SOHO ob-
servations indicated that BP regions correspond to no or
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small outflow, and it was concluded that the fraction of
the total mass flux contributed by BPs to the solar wind
is negligible (Wilhelm et al., 2000; Madjarska et al., 2003;
Xia et al., 2003). Spectroscopic analyses based on HRTS,
SUMER, and CDS revealed the presence of small-scale
transient brightenings within the bright point, but no
relation was found between the bright point and the ex-
plosive events (Moses et al., 1994; Madjarska et al., 2003;
Ugarte-Urra et al., 2004).
It was suggested that BPs may result from the interac-
tion between two magnetic fragments with opposite polar-
ities, which can lead to magnetic reconnection and local
heating of the plasma (Priest et al., 1994; Parnell et al.,
1994; Neukirch et al., 1997; Von Rekowski et al., 2006).
The model proposed by Parnell et al. (1994) also suggested
that BPs lie near the location where magnetic features
cancel but not necessarily directly above it. Recently,
Bu¨chner et al. (2004a) and Bu¨chner et al. (2004b) simu-
lated the consequent formation of non-force-free current
sheets in chromosphere and corona. Their model results
suggest that the current sheets induced by photospheric
motion supply the energy for the energization of BP.
The magnetic field used in the above cited observational
analyses was the photospheric field. However, a BP is a
EUV radiation phenomenon that occurs in the corona.
So, a comparison should be made with the coronal mag-
netic field. Since the magnetic field above the photosphere
can still not be obtained through direct observation, an
extrapolation from a photospheric magnetogram is re-
quired, which will usually provide a good approximation
to the real coronal field. For a review of this subject, see
Wiegelmann & Neukirch (2002).
In our present study we used the force-free-field extrapo-
lation method proposed by Seehafer (1978) to extrapolate
the field based on a Kitt Peak photospheric magnetogram
to the corona. Then we combined this extrapolated mag-
netic field with the Fe XII radiance map from EIT, in order
to study the relation of BPs with magnetic neutral lines
and projections of magnetic loops. From these comparisons
the height range of the BP locations could be roughly esti-
mated.
2. Data analysis
We used a Fe XII (19.5 nm) filtergram from the observa-
tion that SOHO/EIT made at 19:13 UT on 16 March 1997.
The pixel size of this coronal image is 2.6 seconds of arc,
which is high enough to study coronal BPs. Our selected
area of the image is a square centered on the solar disk, has
a width of 0.6 solar radii and obviously does not include
an active region. This area is shown in Figure 1 as a white
rectangle.
The spatial filtering method described by Falconer et al.
(2003) was used to produce the image of BPs. For the Fe
XII intensity image, we chose two squares centered on each
pixel, an outer square with a size of about two thirds of
a network cell (about 21000 km, or 11 pixels), and an in-
ner square that was about one third of a network cell wide
(about 9000 km, or 5 pixels). For each pixel, the background
intensity was defined as follows: First the difference between
the integrated intensities over the outer and inner square
was calculated. Then this was divided by the difference be-
tween the areas of the two squares. The resulting ratio was
defined as the background intensity in any given pixel, and
hence we got a uniform background image. By subtracting
this background image from the original one, we obtained
an image of the intensity enhancement. Only contiguous
sets of pixels in which the emission was enhanced by 30%
or more above the local background were selected and de-
fined as BPs, which are shown as dark patches in Figure 2.
We also applied this method to the Fe XII filtergram that
was observed six hours before, and thus found many BPs
already existed at that time. In accordance to Zhang et al.
(2001) who found lifetime of BPs ranges from 5 to 40 hours,
this result revealed that coronal BPs are not simply tran-
sient events.
We used aKitt Peakphotosphericmagnetogramthat was
obtained on the same day but about one and a half hours
before the time of the EIT observation. This magnetogram
has a pixel size of 1.15 seconds of arc and was summed
over 2×2 pixels to reduce the noise level, as was discussed
by Falconer et al. (1998). Both the magnetic field and EIT
radiation were assumed to remain unchanged during this
period. First the magnetogram was shifted to compensate
for the solar rotation during the two observations.Then we
did cross correlation between the EIT image and the mag-
netogram and obtained the optimal match of them. After
that we chose the data of the magnetic field from the same
area as the EIT image.
On the basis of the force-free-field assumption, Seehafer
(1978) introduced a coronal magnetic field extrapolation
technique which was applied to a finite rectangular segment
of the solar atmosphere. The hypothesis of a force-free field
generally can be applied at heights of about 400 km above
the photosphere (Metcalf et al., 1995). This technique has
been successfully used to describe the magnetic field in the
transition region and lower corona in the papers byTu et al.
(2005a) and Tu et al. (2005b) for a quiet-sun region and
coronal hole and by Marsch et al. (2006) for a polar coro-
nal hole. By using this method, the 3-D magnetic fieldB(x,
y, z) was extrapolated from the photosphere to the corona.
This method is feasible because a coronal BP is a long-
living feature, which lasts for more than several hours on
an EIT image. In our study, the magnetic field was extrap-
olated from the photosphere to a height of 80 Mm. Then
a 3×3 pixel boxcar smoothing function was applied to the
absolute magnetic flux density at each height for which we
made a data analysis. Those pixels that had a smoothed
flux at the corresponding height below the noise level es-
timated by the method described below were masked out.
We retained only the polarity data of the magnetic field in
the unmasked pixels, which resulted in a distribution pat-
tern of magnetic polarities. Figure 2 shows the distribution
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pattern of magnetic polarities at 5 Mm (left panel) and 9
Mm (right panel). The regions with positive and negative
magnetic flux density are outlined in blue and red, respec-
tively. The estimated noise level at a height of h Mm, nh,
was derived from the following formula:
nh =
|Bzh|
|Bz0|
n0 (1)
where |Bz0| and |Bzh| represent the mean values of the ab-
solute magnetic flux density at the photosphere and the
height of h in Mm, respectively, and n0 is the noise level
of the Kitt Peak photospheric magnetogram, which is as-
sumed to be 3 Gauss, as discussed in Falconer et al. (1998).
At the height of 5 Mm and 9 Mm, this value is 1.256 Gauss
and 0.846 Gauss, respectively. In Figure 2, the two bright
points edged by purple curves (around the coordinates of
(70′′, 210′′) in the left panel and (-190′′, -70′′) in the right
panel) will be used as examples for discussion. We define
the direction in which the BP region has its largest ex-
tension as the preferred orientation. We can see that the
preferred orientation of the first BP corresponds to a large
angle (more than 60 degrees) with respect to the polarity-
dividing neutral line. We name this a type I (perpendicu-
lar) BP. In contrast, the preferential orientation of the sec-
ond variety, which we name type II (parallel) BP, is almost
along the polarity-dividing line.
The real 3-D coronal magnetic field can be reconstructed
or approximated by means of the extrapolated magnetic
field. In order to find the relation between the locations
of BPs and their supporting magnetic loops, we projected
the upper segments of the 3-D magnetic field lines above
different heights, respectively, onto the x-y tangent plane,
where x is in the east-west direction and y is in the south-
north direction. Figure 3 shows these projections at 5 Mm
(left panel) and 9 Mm (right panel). The red lines represent
closed field lines and the blue lines open field lines. The
BP distribution pattern copied from Figure 2 was also re-
drawn at 5 Mm (left panel) and 9 Mm (right panel) for
comparison.
3. Results and discussion
We found that, based on magnetic field extrapolation to
the lower corona, most BPs are close to the neutral lines de-
termined from mixed-polarity regions. This finding corrob-
orates the long-known result that BPs are located close to
neutral lines as identified from magnetic field observations
in the photosphere. It is clearly seen in Figure 2 that in
considerable number BPs appear above or close to neutral
lines. For example, the BP around the coordinates (70′′,
210′′) extends from about 200′′ to 230′′ in y direction. From
the extrapolated magnetic field maps, both at 5 Mm and
9 Mm, we can see that a bright pattern crosses the nearby
neutral line at about 217′′. For this case we conclude that
the BP is located above a mixed-polarity region, or simply
say neutral line. We examined all 22 BPs seen in Figure
2 with sizes lager than 10′′. We found that more than 14
BPs (64%) cover regions between different magnetic po-
larities based on the extrapolation to 5 Mm (see Figure 2,
left panel). For the magnetic field extrapolated to 9 Mm
(see Figure 2, right panel) we still found a considerable
number of BPs (more than 10, corresponding to 46%) that
are located above or near neutral lines. We continued this
kind of comparison with the extrapolated field lines up to
a height of 25 Mm. Our results show that some BPs still
coincide with neutral lines based on extrapolation to more
than 10 Mm. However, we cannot confirm such coincidence
at heights above 20 Mm.
The spatial resolution in this analysis is limited by the
low noise level of the available magnetic field data. The Kitt
Peak magnetogram, which has a spatial resolution of 4.6′′
which is comparable with the data of EIT on SOHO, was
the best one we could get with low noise level. Since the sizes
of the BPs we analyzed in this work are all larger than 10′′,
the major part of the BPs can be determined, and therefore
our conclusion is believable to some extent. The correlation
between the EIT intensity enhancement and the horizontal
magnetic field component, and the non-correlation between
the EIT intensity enhancement and the vertical magnetic
field component, both give further support to the above
conclusion (see Paragraph 4-7 in this section).
Figure 3 clearly reveals that nearly all BPs are located
in regions with dense field-line concentrations correspond-
ing to magnetic loops. Only a few BPs, especially the small
ones, are overlaid on regions with sparse field lines or no
loops. One possible reason may be that the pre-existent
loops disappeared during the time interval between the ac-
quisitions of the EIT coronal EUV image and the Kitt Peak
magnetogram. Another possible reason is that some loops
lower than 5 Mm or 9 Mm just cannot be shown and dis-
criminated in projection on the images. However, the coin-
cidence between the locations of magnetic loops and BPs is
still very obvious. This relation suggests that the emission
regions giving rise to most BPs are located on the top of
coronal magnetic loops. From Figure 3 we can see the BPs
have different shapes, which may mainly be divided into
two types, such as type I (perpendicular) and type II (par-
allel) as defined in Section 2. For the type I BP region, like
the one edged by a purple curve in Figure 2 (around the co-
ordinate of (70′′, 210′′) in the left panel), the projections of
most overlying field lines are approximately oriented along
the preferential direction. And for type II BP region, like
the one edged by purple curve in Figure 2 (around the co-
ordinate of (-190′′, -70′′) in the right panel), most overlying
loops are oriented across the preferential direction.
Then we rescaled the EIT image and the extrapolated
magnetic field maps by means of interpolation, thus en-
forcing them to have the same pixel size of 1.15′′×1.15′′. In
order to study the emission height of BPs, we calculated
the correlation coefficients between the EIT Fe XII inten-
sity enhancement and the horizontal component of mag-
netic field vector at different heights, respectively, for each
BP. If it were located on the top of a loop, it should be
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well correlated with the horizontal component of magnetic
field. We found that the value of the correlation coefficient
varied with increasing height. For almost all the BP regions
analyzed, the correlation coefficient increases to a maximal
value before it is decreasing again. The height related with
this maximum was defined as correlation height.
Figure 4 shows two examples. For the edged bright point
in Figure 2 (left panel), the correlation coefficients at dif-
ferent heights are shown in Figure 2 (left panel). We found
that the correlation coefficient increases to a maximum of
0.65 at 5 Mm before decreasing above this height. The num-
ber of data points in this bright point region is 264, for
which the critical correlation coefficient is 0.12 with 95%
confidence. The horizontal bar shows a height range from
3.99 Mm to 7.85 Mm, in which the coefficient is above 95%
of its maximum. Figure 4 (right panel) shows the curve of
correlation coefficient for the edged bright point in Figure
2 (right panel). The number of data points for this calcula-
tion is 441, for which a critical value of 0.093 for the linear
correlation coefficient is determined with 95% confidence.
The maximum coefficient is 0.77 at 9 Mm, with a height
range from 2.20 Mm to 14.11 Mm in which the coefficient
is above 95% of its maximum.
For the different BPs, the height ranges obtained by this
method are different. This indicates that BPs do generally
not reside at the same height. Table 1 lists the correlation
heights and height ranges for 10 large bright points (more
than 200 data points, or with a size of larger than 16′′).
We can conclude that the emission heights of most BPs are
below 20 Mm. For all the selected BPs, the mean value of
the correlation height with a standard error (the standard
deviation divided by
√
10) is 10.2±2.7 Mm. This result is
largely consistent with that of Brajˇsa et al. (2004), in which
the calculated mean height of the point-like tracer subtype
BP (the subsets of the other two subtypes of BPs were too
small to get reliable results) is 11.6±2.1 Mm, when using
his interactive method.
We also evaluated the correlation between the Fe XII
intensity enhancement and the vertical magnetic field at
different heights, respectively, for each selected BP. In this
case, however, no obvious correlation was found. This fact
proves further that the emission regions giving rise to most
BPs are located on the top of coronalmagnetic loops, where
the magnetic field is horizontal. This picture is consistent
with the result of the model suggested by Bu¨chner et al.
(2004a) and Bu¨chner et al. (2004b), which implies that the
plasma flow in the photosphere causes the formation of
a localized current sheet in and above the transition re-
gion at the position of the EUV BP, and the dissipation
in the current sheet supplies energy to the BP. Some au-
thors suggested that flares, coronal heating, and spicules
are driven by the same process such as core-field explosion
(Falconer et al., 1998;Moore et al., 1999). If this picture re-
flects reality, one would naturally propose that BPs, being
indicators of local coronal heating, can be produced by the
same process leading to flares. The idea that most BP emis-
sion is limited to the loop top is consistent with the obser-
vation that hard X-ray emission is often seen at the top of
large flaring loops (Masuda et al., 1994). It is possible that
there exists, around the loop top, inverted Y-shaped field
lines, like those proposed in Masuda et al. (1994), and that
reconnection intermittently takes place, thus leading to a
bright point. However, there may be other processes besides
reconnection accounting for the result that the emission in
the Fe XII channel of EIT is limited to the loop apex. If it
is not reconnection at the loop top leading to the BP, then
one has to heat up the entire loop and fill it with hot dense
plasma. If then the emission in the Fe XII channel of EIT
is limited to the loop top, this would imply that the top of
the loop supporting a BP has the highest temperature.
It should be pointed out that our results may not be
fully conclusive. Several factors can influence these results.
First, the boundaries of BPs depend on the method we used
for identifying the BPs as described in Section 2. Second,
we assumed that the intensity of BPs and the magnetic
field did not change a lot during the time span between the
observations of EIT and Kitt Peak, which is about one and
a half hours. Third, we only apply the correlationmethod to
BPs with a large size (larger than 16′′). The pixel size of the
final 2-D extrapolated magnetic field map is 2.88′′. To get a
sufficiently large number of data points, we can only apply
the correlation method to the relatively large bright points.
This limitation may be overcome only in future higher-
resolution studies.
4. Summary
We constructed the coronal magnetic field at different
heights above the photosphere by extrapolating photo-
spheric magnetograms obtained at the Kitt Peak solar
observatory. From this data we obtained the magnetic vec-
tor field and polarity distribution at different heights. By
a comparison of these patterns with an EIT image of Fe
XII coronal bright points, we found that the coincidence of
neutral lines and bright points at a height of about 5 Mm
is highly significant. And this feature remains still obvious
up to more than 10 Mm for some bright points. Above 20
Mm, there is no clear coincidence between bright points
and neutral lines.
By comparing the projections of the upper segments of
the 3-D magnetic field lines above different heights on to
the tangent x-y plane with the image of the Fe XII coro-
nal bright points, we come to the conclusion that a bright
point is an emission region located around the apex of the
associated magnetic loop.
From correlations between the horizontal component of
the magnetic field vector at different heights and the square
root of the Fe XII intensity enhancement in some large
bright point regions, we derived a rough height range for
the possible location of each bright point. For almost all the
bright point regions analyzed, we find that with increasing
height the correlation coefficient increases to a maximum
and then decreases again. The corresponding height is de-
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fined as correlation height, which is found to be smaller
than 20 Mm for most of the bright points. For each se-
lected bright point, we also obtained a height range in which
the coefficient is above 95% of its maximum. We think the
source of the bright-point emission is probably confined
within this height range. Our results indicate that for most
bright points the emission occurs below 20 Mm.
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Fig. 1. Fe XII (19.5 nm) intensity image from an observation made
by SOHO/EIT at 19:13 UT on 16 March 1997. The white square
with a width of 0.6 solar radii on the disk center is the area which
we chose for our study.
bution and temporal evolution of coronal bright points,
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Fig. 2. The EIT coronal bright points registered are shown on the map of magnetic polarities at 5 Mm (left panel) and 9 Mm (right panel).
The dark regions represent EIT BPs, the emission of which was enhanced by more than 30% above the background. Regions with positive and
negative magnetic flux density are outlined in blue and red color, respectively. The two BPs edged by purple curves (around the coordinates
of (70′′, 210′′) in the left panel and (-190′′, -70′′) in the right panel) are used as examples for the discussion in the text.
Fig. 3. Projections of the upper segments of the 3-D magnetic field lines above 5 Mm (left panel) and 9 Mm (right panel) on the x-y plane.
The red lines represent closed field lines, and the blue lines correspond to open field lines. Dark regions indicate BPs, which are the same
ones as already shown in Figure 2.
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Fig. 4. Correlation coefficient between the horizontal component of magnetic field and the square root of the Fe XII intensity enhancement for
the two color-edged BPs shown in Figure 2. For the first BP (left panel), the maximum correlation coefficient is 0.65 at 5 Mm. The horizontal
bar shows the height range, from 3.99 Mm to 7.85 Mm, in which the coefficient is above 95% of its maximum. For the second BP (right
panel), the maximum coefficient is 0.77 at 9 Mm. In the height range from 2.20 Mm to 14.11 Mm the coefficient is above 95% of its maximum.
Table 1
Correlation heights and height ranges of some bright points
Bright point Number of data
points in the bright
point region
Maximum correlation
coefficient
Critical correlation
coefficient with
95% confidence
Correlation height
(Mm)
Height range in which the coeffi-
cient is above 95% of its maximum
(Mm)
1 264 0.65 0.120 5 3.99-7.85
2 441 0.77 0.093 9 2.20-14.11
3 263 0.61 0.120 13 5.56-16.46
4 310 0.49 0.111 24 20.32-31.00
5 262 0.39 0.120 1 0.19-1.47
6 489 0.72 0.088 11 5.91-19.21
7 283 0.31 0.116 1 0-1.03
8 205 0.47 0.136 25 22.59-29.08
9 434 0.73 0.094 3 0.77-14.92
10 371 0.55 0.101 10 6.30-13.73
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